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PRE-AMPLIFIER DESIGN FOR HIGH-SPEED
ANALOG-TO-DIGITAL CONVERTERS

TECHNICAL FIELD

The present invention relates to electrical circuits, and
more particularly to a circuit and method for providing an
improved pre-amplifier scheme for high speed analog-to-
digital converters.

BACKGROUND OF THE INVENTION

The non-1deal characteristics 1n data conversion interfaces
become more apparent for devices that are designed for high
precision 1n contrast to lower precision devices. Mismatch,
nonlinearity and finite intrinsic gain are some of the effects
that limit resolution of CMOS and bipolar technology in
analog-to-digital conversion (ADC) devices. It is common
to correct these effects by employing circuit and/or algo-
rithmic techniques. These techniques can be utilized on
individual components 1n addition to the overall architecture
of the device to provide input/output characteristics that
approach an 1deal. Circuits and algorithms employing these
techniques conventionally require a dedicated period for
cancellation or calibration, thus, complicating the timing
scheme of the overall system.

A number of methods currently exist to enhance the
precision or relax speed-precision trade-offs of data acqui-
sition systems, such as comparator and operational amplifier
offset cancellation, DAC and ADC calibration, and range
overlap with digital correction. Offset cancellation 1n high-
precision systems are crucial in CMOS devices because of
the large mismatches of CMOS devices. Offset cancellation
1s also 1mportant 1n bipolar and BiCMOS devices for reso-
lutions above 10 bits. The need for reliable offset cancella-
tion has led to auto-zero techniques in CMOS and BiCMOS
comparators, where the offset 1s periodically sensed, stored
and added to the input in such a way as to cancel the offset.
The purpose 1s to minimize the mput offset contributed by
the pre-amplifier and the latch without compromising other
aspects of the performance of the device.

FIG. 1 illustrates a prior art fully-differential comparator
device 10 conventionally employed 1n high speed ADC
designs. The comparator device includes a pre-amplifier 12
with a negative input terminal, a positive 1nput terminal, a
positive output terminal and a negative output terminal. A
first feedback loop 15 couples the negative mput terminal to
the positive output terminal and a second feedback loop 17
couples the positive mput terminal to the negative output
terminal. A first capacitor 26 1s coupled to the negative input
terminal of the pre-amplifier 12 on a right side and a pair of
switches 20 and 22 on a left side. A second capacitor 32 1s
coupled to the positive input terminal of the pre-amplifier 12
on a right side and a pair of switches 28 and 30 on a left side.
The switch 20 1s coupled to a first voltage input signal (V)
and the switch 28 1s coupled to a second voltage 1input signal
(V,»_). The switch 22 is coupled to a first voltage reference
signal (Vgzz,) and the switch 30 is coupled to a second
voltage reference signal (V... ). The pre-amplifier 12 is

followed by a latch 14.

During an auto-zero cycle (e.g., typically, 50 ns—100 ns),
the reference voltages V... and V.. are connected to the
left sides of the capacitors 26 and 32, respectively, while the
feedback loops 15 and 17 are connected around the pre-
amplifier 12 by closing switches 22, 30, 16 and 18. The
voltage stored on the capacitors 26 and 32 are equal to the
respective reference voltages minus the pre-amplifier’s
common-mode voltage. During the conversion cycles (e.g.,
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typically 100 us—400 us), the feedback loops 15 and 17
around the pre-amplifier 12 are opened, and the left sides of
the capacitors 26 and 32 are connected to the comparator
input signals (V,.,, Vi) 1nstead of the reference signals
(Veer.>, Vreer.). The input node of the pre-amplifier 12
receives the mput signal subtracted by the reference voltage.
Then the input signal of the pre-amplifier 12 1s amplified and
fed to the latch 14. The above scheme also cancels the offset
of the pre-amplifier 12, since the offset voltage 1s pre-stored
on the capacitors 26 and 32 during the auto-zero cycle, and
1s cancelled during the conversion cycle. Therefore the key
of this method is that the reference voltage and the offset
voltage (Vrrr+Vorrser) held on the capacitors 26 and 32
must not be changed during the conversion cycle.

However, there 1s a problem of Vo4V, rrerr leakage
from the capacitors 26 and 32, which makes the conven-
tional scheme 1n FIG. 1 not work properly for all device
types. For extremely high speed ADC operation (e.g., 1.28
GSample/s), high-speed devices have to be used as the input
device of the pre-amplifier 12. The high-speed device has a
reduced feature size, particularly its gate oxide layer thick-
ness and thus it can only withstand a lower gate voltage.
However, these devices typically experience gate current
leakage during the conversion cycle causing leakage in the
storage capacitors 26 and 32. The leakage in the storage
capacitors 26 and 32 causes attenuation of the offset voltage
of the pre-amplifier 12 and the reference voltage, resulting
in unacceptable readings for high resolution ADCs.

In view of the above, 1t 1s apparent that there 1s an unmet
need for improvements 1n the above differential comparator

device for high speed ADCs.

SUMMARY OF THE INVENTION

The present mvention overcomes the gate leakage draw-
back existing in advanced CMOS technologies to achieve
extremely high-speed analog-to-digital conversion. A circuit
and a method 1s provided that facilitates for improved
performance of a differential comparator device for a very
high-speed analog-to-digital converter device. The present
invention employs an input offset storage (I10S) technique to
compensate for an offset voltage of a pre-amplifier device 1n
the differential comparator device. A reference voltage and
an offset voltage are stored on capacitors coupled to the
inputs of the differential comparator device during an auto-
zero cycle. A source follower 1s placed between each capaci-
tor and the mputs to the pre-amplifier device. The source
followers are selected to prevent leakage of the capacitors
during a conversion mode. Additionally, switches utilized in
feedback loops for auto-zeroing the differential comparator
are also selected to prevent leakage of the storage capacitors
in the conversion mode.

In one aspect of the invention, high-speed devices (e.g.,
1.2 volt devices) are utilized in the differential pre-amplifier
device. Additionally, an n-type source follower which
employs a 3.3 volt device 1s placed between each capacitor
and the mputs to the pre-amplifier device. The 3.3 volt
device used 1n the n-type source followers have substantially
no gate to source leakage current. The switches utilized in
the feedback loops are also selected to be 3.3 volt NMOS
devices due to the fact that they have substantially no
leakage that would cause reduction of the offset voltage and
the reference voltages stored on the storage capacitors
during the auto-zero mode. Since there 1s a DC level shaft
caused by the 3.3 volt n-type source followers, a p-type
source follower 1s placed 1n each of the feedback loops to
compensate for the DC level shift, and to assure that the
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input signal mto the pre-amplifier device remains below a
1.2 volt swing.

To the accomplishment of the foregoing and related ends,
the 1nvention comprises the features hereinafter fully
described and particularly pointed out in the claims. The
following description and the annexed drawings set forth 1n
detail certain 1llustrative embodiments of the invention.
These embodiments are 1indicative, however, of but a few of
the various ways 1n which the principles of the mvention
may be employed and the present invention 1s 1ntended to
include all such embodiments and their equivalents. Other
objects, advantages and novel features of the invention will
become apparent from the following detailed description of
the 1mvention, when considered in conjunction with the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a schematic diagram of a differential
comparator device for a high-speed analog-to-digital con-
verter 1n accordance with the prior art;

FIG. 2 illustrates a schematic diagram of a differential
comparator device for a very high-speed analog-to-digital
converter 1 accordance with one aspect of the present
mvention;

FIG. 3 illustrates a graph of auto-zero cycles and conver-
sion cycles over time 1n accordance with one aspect of the
present mvention;

FIG. 4 illustrates a schematic diagram of a differential
comparator device for a very high-speed analog-to-digital
converter 1n accordance with another aspect of the present
mmvention; and

FIG. 5 1illustrates a flow chart of one particular method-
ology of amplifymng a differential input to a comparator
circuit 1n accordance with one aspect of the present 1nven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention will now be described with respect
to the accompanying drawings 1n which like numbered
clements represent like parts. The present mvention will be
described with reference to a circuit and a method of
providing a fully-differential comparator device for a high
speed analog-to-digital converter device. To achieve an
extremely high-speed analog-to-digital converter (¢.g., 1.28
GSample/s), the latest advanced CMOS technology is used.
The advanced CMOS technology usually provides high-
speed devices and relative low-speed devices. The high-
speed devices are obtained by substantially scaling down the
size of the devices (e.g., a minimum channel length of about
0.15 micron). Because of the extremely thin oxide layer
(e.g., about 24x10™"° m) between the gate and the channel
of such a scaled down device, the high-speed devices
demonstrate gate-to-source and gate-to-drain current leak-
age and such devices can only withstand a low gate voltage
(e.g., about 1.2 volts). In contrast with a high-speed device,
a low-speed device has a relatively large size (e.g., a
minimum channel length of about 0.5 micron) and a rela-
tively thick oxide layer (e.g., about 70x10™"° m). Such a
low-speed device has substantially no gate leakage and it
can withstand a high gate voltage (e.g., about 3.3 volts).

The present invention employs an input offset storage
(IOS) technique to calibrate a pre-amplifier device of the
differential comparator device during an auto-zero cycle.
Specifically, during an auto-zero cycle, the reference voltage
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and offset voltages are stored on storage capacitors coupled
to the mputs of the pre-amplifier device. The voltage stored
on the capacitors during the auto-zero cycle 1s not changed
during the conversion cycle. When an extremely high con-
version speed (e.g., 1.28 GSample/s) is required, high-speed
devices are used as the input transistors 1n the pre-amplifier.
However, the high-speed devices demonstrate gate-to-
source and gate-to-drain current leakage, which attenuate
the reference voltage and the offset voltage pre-stored 1n the
capacitors. To prevent such current leakage, two n-type
source followers are placed between the capacitors and the
input nodes of the pre-amplifier, as shown and will be
described in conjunction with FIG. 2. The devices used in
the source followers are low-speed devices which have
substantially no gate current. Meanwhile, the speed of the
entire comparator 1s not reduced due to the source follower
conflguration.

Additionally, switches utilized 1n feedback loops for an
auto-zeroing of the differential comparator are also selected
to prevent leakage of the storage capacitors 1n a conversion
mode. It should be understood that the description below 1s
merely 1llustrative and should not be construed 1in a limiting
Sense.

FIG. 2 1llustrates a fully-differential comparator device 40
employed 1n high speed ADC designs according to one
aspect of the present invention. The comparator device 40
includes a pre-amplifier 42 with a negative input terminal, a
positive 1nput terminal, a positive output terminal, and a
negative output terminal. The pre-amplifier 42 1s designed to
provide high speed data conversion (e.g., 1.28 GSample/s).
A first feedback loop 45 couples the negative mput terminal
to the positive output terminal of the pre-amplifier 42 and a
second feedback loop 47 couples the positive input terminal
to the negative output terminal of the pre-amplifier 42.

A first capacitor 56 1s coupled to a pair of switches 50 and
52 on a left side, and to the negative input terminal on a right
side through a first buffer device 64 (e.g., a first source
follower device). A second capacitor 62 is coupled to a pair
of switches 58 and 60 on a left side, and to the positive input
terminal on a right side through a second buffer device 66
(e.g., a second source follower device). The first and second
buffers are selected to have substantially no leakage to
prevent discharge of the first capacitor and the second
capacitor after an auto-zero cycle. The switch 50 1s coupled
to a first voltage mput signal (V,,) and the switch 58 is
coupled to a second voltage input signal (V,,,_). The switch
52 is coupled to a first voltage reference signal (Vgzz, ) and
the switch 60 1s coupled to a second voltage reference signal
(V.r~_). The pre-amplifier 42 1s followed by a latch device
44, which provides a digital output of the sampled analog
output difference signal of the pre-amplifier 42.

FIG. 3 1llustrates an example of a graph 68 of auto-zero
cycles and conversion cycles over time. As illustrated 1n the
oraph 68, an auto-zero cycle occurs over a time period T1
(e.g., 100 ns) followed by a conversion cycle over a time
period T2 (e.g., 100 us). These cycles repeat over time, for
example, another auto-zero cycle over a time period T3
followed by a conversion cycle over a time period T4
followed by an auto-zero cycle of TS and so on. During an
auto-zero cycle, the reference voltages Virr, and Vgr_,
which can be produced by a resistor ladder, are connected to
the left side of the capacitors 56 and 62, respectively, while
the feedback loops 45 and 47 are connected around the
pre-amplifier 42 by closing switches 52, 60, 46 and 48, as
can be seen 1n FIG. 2. A first switch 46 and a second switch
48 are selected to have substantially no leakage (e.g., by
using a MOS transistor configuration which exhibits sub-
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stantially no gate leakage). The switches 46 and 48 are
selected to prevent leakage current, so that the voltage stored
on the capacitors 56 and 62 do not change during the
conversion cycle due to capacitor discharge. Since the
switches 46 and 48 are only used to connect/disconnect the
feedback loops 45 and 47, their operation may be slower
than the pre-amplifier 42, and thus do not affect the speed of
the A/D converter.

After settling down 1n the auto-zero cycle, the voltages
stored on the capacitors 56 and 62 are equal to the reference
voltage minus the pre-amplifier’s common mode voltage.
During the conversion cycles (e.g., typically 100 1s—400 us),
the feedback loops 45 and 47 around the pre-amplifier 42 are
opened via switches 46 and 48, and the left side of the
capacitors 56 and 62 are connected to the comparator inputs
(Vias, Vo) instead of the reference signals (Vzgg,.
Vreer_). The differential inputs of the pre-amplifier 42
receive the mput signal subtracted by the reference voltage
through the first and second buffers 64 and 66. The 1nput
signal of the pre-amplifier 42 1s then amplified and the
output of the pre-amplifier 42 fed to the latch 44. During the
conversion cycle, the latch 44 provides the digital output
words corresponding to the analog output difference signal
of the pre-amplifier 42.

FIG. 4 1illustrates a differential comparator device 70
employed in high speed ADC designs utilizing devices
operating within specific voltage ranges. The comparator
device 70 includes a 1.2 Volt pre-amplifier device 72 with a
negative mput terminal, a positive mput terminal, a positive
output terminal and a negative output terminal. The pre-
amplifier 72 1s designed to provide high speed data conver-
sion (e.g., 1.28 GSample/s). The 1.2 Volt CMOS device used
in the pre-amplifier can only withstand voltages of about 1.2
volts and, therefore, the pre-amplifier 1s powered by a supply
voltage of 1.2 volts. A first feedback loop 75 couples the
negative mput terminal to the positive output terminal of the
pre-amplifier 72 and a second feedback loop 77 couples the
positive input terminal to the negative output terminal of the
pre-amplifier 72.

A first capacitor 86 1s coupled to a pair of switches 80 and
82 on a left side, and to the negative 1mnput terminal of the
pre-amplifier 72 on a right side through a first n-type source
follower device 94. A second capacitor 92 1s coupled to a
pair of switches 88 and 90 on a left side, and to the positive
input terminal of the pre-amplifier 72 on a right side through
a second n-type source follower 96. The first and second
n-type source followers 94 and 96 employ 3.3 volt devices,
and are selected to assure that there 1s substantially no
gate-to-source leakage that would cause voltage loss from
the first capacitor 86 and the second capacitor 92 after an
auto-zero cycle. The 3.3 volt device used 1n the n-type
source followers of the present mvention do not exhibit
leakage because of a substantially thick oxide layer between
the gate and the channel of the source followers, wherein 1.2
volt devices do exhibit some gate-to-source and gate-to-
drain current leakage because of their relatively thin oxade
layers.

It 1s to be appreciated that a 3.3 volt device will have a
relatively large size (e.g., a minimum channel length of
about 0.5 micron) compared to the size (e.g., a minimum
channel length of about 0.15 micron) of a 1.2 volt device.
The 1.2 volt device 1s much faster than the 3.3 volt device.
For very high-speed operation, 1n accordance with one
exemplary aspect of the present invention, 1.2 volt devices
are used as the mput transistors 1n the pre-amplifier 72, but
1.2 volt devices demonstrate gate current leakage. The
source followers 94 and 96 are added to prevent the pre-
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charge on the capacitors 86 and 92 from leaking away and
meanwhile ensure high speed operation of the comparators.

The switch 80 1s coupled to a first voltage input signal
(V,..) and the switch 88 is coupled to a second voltage input
signal (V). The switch 82 is coupled to a first voltage
reference signal (V,.,) and the switch 90 is coupled to a
second voltage reference signal (Vzzz_). The pre-amplifier
72 15 followed by a latch device 74, which provides a digital
output of the sampled analog output difference signal of the

pre-amplifier 72.

The first and the second n-type source followers 94 and
96, as well as switches 76 and 78, employ 3.3 volt devices
so that the voltage (Vo r+V orror-7) Stored at the capacitors
86 and 92, during the auto-zero cycle, do not leak appre-
ciably during the conversion cycle. However, because of the
use of 3.3 volt n-type source followers, there 1s a DC-voltage
shift between the mput and the output of both of the n-type
source followers 94 and 96. A first 3.3 volt p-type source
follower 98 1s placed in the first feedback loop 75 and a
second 3.3 volt p-type source follower 100 1s placed 1n the
second feedback loop 77 to compensate for any DC-voltage
shift in the first and second n-type source followers 94 and
96. For proper swing operation, both 1put and output
common-mode signals of the pre-amplifier 72 are set at
about 0.6 volts (VDD/2) for rail-to-rail swing. Since the
threshold voltage (V) of a 3.3 volt n-type device used in the
source follower device 1s about 0.8 volts and the common
mode signal into the pre-amplifier 72 1s about 0.6 volts, the
common-mode voltage at the inputs of the first source
follower 94 and the second source follower 96 should be
about 1.4 volts. However, the pre-amplifier 72 1s operable
under a 1.2 volt supply for device safety considerations. The
first and second p-type source followers 98 and 100 allow
for setting the common-mode voltage at the mputs of the
n-type source followers 94 and 96 to 1.4 volts during the
auto-zero cycle to compensate for the DC level shiit of the
n-type source followers 94 and 96. The p-type source
followers 98 and 100 can be switched off during the con-
version cycle to save power. Furthermore, switches 102 and
104 are opened during the conversion cycle to reduce the
output capacitance of the pre-amplifier 72.

During an auto-zero cycle, the reference voltage V...
and V.. are connected to the left side of the capacitors 86
and 92, respectively, while the feedback loops 75 and 77 are
connected around the pre-amplifier 72 by closing switches
82,90, 76,78, 102 and 104 and turning on source followers
94, 96, 98 and 100. As previously stated, the source follow-
ers 94 and 96 and the switches 76 and 78 are selected to have
substantially no gate leakage current, so that the voltage
stored on the capacitors 86 and 92 do not change during the
conversion cycle. Since the switches 76, 78, 102 and 104
and the p-type source followers 98 and 100 are only used for
switching the comparator device between the auto-zero
cycle and the conversion cycle, they may be slower than the
pre-amplifier 72 and still do not affect the speed of the
pre-amplifier 72. Furthermore, since the gain of the n-type
source followers 94 and 96 i1s small (e.g., approximately
unity), speed of the n-type source followers 94 and 96 1s not
a factor that would reduce the speed of the comparator 70.
Theretfore, a differential comparator device 1s provided that
1s adapted for high speeds without any substantially prob-
lems due to leakage current.

During the conversion cycles, the feedback loops 75 and
77 around the pre-amplifier 72 are opened via switches 76,
102, 78 and 104, and the p-type source followers 98 and 100
are turned off. The left side of the capacitors 86 and 92 are
connected to the comparator input (Vp,, V ) 1Instead of
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the reference signals (Vgzz,, Vrer_ ). The input nodes of the
pre-amplifier 72 receive the mput signals subtracted by the
reference voltages through the first and the second source
followers 94 and 96. The input signal of the pre-amplifier 72
1s then amplified and the output of the pre-amplifier 72 1s fed
to the latch 74. During the conversion cycle, the latch 74
provides a series of digital output words corresponding to
the analog output signal of the pre-amplifier 72.

FIG. 5 1s a flow diagram representing an auto-zero and
conversion methodology of a high-speed differential com-
parator device similar to the device illustrated in FIG. 4.
While, for purposes of simplicity of explanation, the meth-
odology of FIG. 5 1s shown and described as a series of
steps, 1t 1s to be understood and appreciated that the present
invention 1s not limited to the order of steps, as some steps
may, In accordance with the present invention, occur in
different orders and/or concurrently with other steps from
that shown and described herein. For example, a methodol-
ogy 1n accordance with an aspect of the present mmvention
may be represented as a combination of various states (e.g.,
in a state diagram). Moreover, not all illustrated steps may
be required to implement a methodology 1in accordance with
an aspect the present invention.

FIG. 5 1s a flow diagram 1illustrating one particular meth-
odology of auto-zero and conversion of a differential signal
provided to a differential comparator circuit utilizing an
input offset storage routine. The differential comparator
circuit employs substantially non-leaking n-type source fol-
lowers coupled to 1mputs of a pre-amplifier. At step 120, an
auto-zero mode for the differential comparator device 1s
entered, which includes closing a first and second feedback
loop and mputting a reference signal. For example, if the
differential comparator device of FIG. 4 1s being utilized, the
switches 76, 102, 78 and 104 are closed, while the source
followers 98, 100, 94 and 96 are turned on. The reference
signal 1s provided by closing the switches 82 and 90. At step
130, an offset voltage 1s determined for the differential
comparator device while 1n the auto-zero mode. If a pre-
amplifier device 1s being employed the offset voltage 1s
determined, so that 1t can be considered during differential
mode operation of the pre-amplifier device.

At step 140, a compensation voltage 1s determined for a
DC level shifting caused by the first and second source
follower device coupled to the inputs of the differential
comparator. If the circuit of FIG. 4 1s being employed, the
compensation voltage 1s automatically provided to the stor-
age capacitors by the p-type source follower devices 98 and
100. However, other methodologies may be employed such
as utilizing other hardware and/or software to determine and
provide the necessary voltage to compensate for the DC
level shift caused by the n-type source followers. At step
150, the reference and the offset voltage plus the compen-
sation voltage 1s stored on the first and the second storage
capacltors.

The differential comparator device then enters the con-
version mode by opening the first and second feedback loops
and providing an input signal 1nto the differential compara-
tor device through the first and second capacitors, at step
160. For example, opening the first feedback loop 75 of the
device of FIG. 4 includes opening the switches 76 and 102
and turning off the p-type source follower 98 to save power.
Additionally, opening the second feedback loop 77 includes
opening the switches 78 and 104 and turning off the p-type
source follower 100 to save power. The input signal is
provided by closing the switches 80 and 88 and opening the
switches 82 and 90. At step 170, the mput signal 1s amplified
and the output difference signal 1s transmitted to the latch for
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providing a series of digital words corresponding to the
analog difference signal.

Although the invention has been shown and described
with respect to a certain preferred embodiment or
embodiments, 1t 15 obvious that equivalent alterations and
modifications will occur to others skilled in the art upon the
reading and understanding of this specification and the
annexed drawings. In particular regard to the various func-
tions performed by the above described components
(assemblies, devices, circuits, etc.), the terms (including a
reference to a “means”) used to describe such components
are mtended to correspond, unless otherwise idicated, to

any component which performs the specified function of the
described component (1.e., that 1s functionally equivalent),
even though not structurally equivalent to the disclosed
structure which performs the function in the herein 1llus-
trated exemplary embodiments of the invention. In addition,
while a particular feature of the invention may have been
disclosed with respect to only one of several embodiments,
such feature may be combined with one or more other
features of the other embodiments as may be desired and
advantageous for any given or particular application.

What 1s claimed is:

1. A differential comparator device for a high-speed
analog-to-digital converter, the differential comparator
device being configured to be auto-zeroed employing an
input oifset storage technique, the device comprising:

a pre-amplifier having a first input and a second mnput, and
a first output and a second output;

a first storage capacitor and a second storage capacitor
operable to store a reference voltage and an offset
voltage of the pre-amplifier during an auto-zero mode;

a first bufler component coupled to the first input of the
pre-amplifier and the first storage capacitor and a
second buifer component coupled to the second input
of the pre-amplifier and the second storage capacitor,
the first and the second buifer components preventing
substantial leakage of the first and second storage
capacitors;

a first feedback loop coupling the first output of the
pre-amplifier to the first mput of the pre-amplifier
through the first buffer and a second feedback loop
coupling the second input of the pre-amplifier to the
second output of the pre-amplifier through the second
buffer;

a first switch located m the first feedback loop having a
first state for closing the first feedback loop and a
second state for opening the feedback loop and a
second switch located 1n the second feedback loop
having a first state for closing the first feedback loop
and a second state for opening the feedback loop, the
first and the second switches are chosen to prevent a
leakage of the first and second storage capacitors;

wherein the differential comparator device comprises an
auto-zero mode, such that the first and second feedback
loops are closed and a reference voltage 1s provided to
the first and the second storage capacitor and the offset
voltage of the pre-amplifier device 1s determined and
stored on the first and second storage capacitors, and
the differential comparator device comprises a conver-
sion mode, such that the first and second feedback
loops are opened and an mput voltage 1s provided to the
first and the second storage capacitors and the offset
voltage of the pre-amplifier 1s utilized 1in determining a
differential difference signal corresponding to the input
voltage eliminating errors due to the offset voltage of
the pre-amplifier.
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2. The device of claim 1, the first and second buffer
devices being a first and a second n-type source follower
device.

3. The device of claim 1, the pre-amplifier comprising a
high-speed device.

4. The device of claim 3, wherein the high-speed device
comprises a 1.2 volt MOS transistor device.

5. The device of claim 2, the first and second n-type
source follower devices comprise low-speed devices.

6. The device of claim 5, wherein each n-type source
follower device comprises a 3.3 volt MOS transistor device
coupled to a current source.

7. The device of claim 1, the first and second switches
comprise 3.3 volt MOS transistor devices.

8. The device of claim 1, further comprising a first
compensating device disposed in the first feedback loop
operable to compensate a DC level shift caused by the first
n-type source follower device and a second compensating
device disposed in the second feedback loop operable to
compensate a DC level shift caused by the second n-type
source follower device.

9. The device of claim 8, the first and second compen-
sating devices further comprising first and second p-type
source follower circuits comprising 3.3 volt p-type MOS
transistor devices, respectively.

10. The device of claim 9, the first and second p-type
MOS transistor devices 1n the p-type source follower circuits
operable to turn off during the conversion mode to reduce
power consumption of the device.

11. The device of claim 10, further comprising a third
switch disposed in the first feedback loop between the first
p-type source follower circuit and the first output of the
pre-amplifier device and a fourth switch disposed i1n the
second feedback loop between the second p-type source
follower circuit and the second output of the pre-amplifier
device.

12. The device of claim 11, the third switch and the fourth
switch being operable to open 1n the conversion mode
reducing a capacitive load on the pre-amplifier device.

13. The device of claim 1, wherein the high-speed device
1s employed 1n the pre-amplifier to achieve high-speed
analog-to-digital conversion despite device gate current
leakage associated therewith.

14. A differential comparator device for a high speed
analog-to-digital converter, the differential comparator
device being configured to be auto-zeroed employing an
input oifset storage technique, the device comprising:

a 1.2 volt pre-amplifier comprising high-speed CMOS
devices having a first and a second mnputs and first and
a second outputs;

a first storage capacitor and a second storage capacitor
operable to store an offset voltage of the pre-amplifier
and a reference voltage during an auto-zero mode;

a first 3.3 volt n-type source follower component coupled
to the first mput and the first storage capacitor and a
second 3.3 volt n-type source follower component
coupled to the second mput and the second storage
capacitor;

a first feedback loop coupling the first output of the
pre-amplifier to the first mput of the pre-amplifier
through the first 3.3 volt n-type source follower com-
ponent and a second feedback loop coupling the second
input of the pre-amplifier to the second output of the
pre-amplifier through the second 3.3 volt n-type source
follower component;

a first 3.3 volt switch located in the first feedback loop
having a first state for closing the first feedback loop
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and a second state for opening the first feedback loop
and a second 3.3 volt switch located 1in the second
feedback loop having a first state for closing the second
feedback loop and a second state for opening the
second feedback loop;

wherein the device has an auto-zero mode, such that the
first and second feedback loops are closed and a
reference voltage 1s provided to the first and the second
storage capacitor and the offset voltage of the pre-
amplifier 1s determined and stored on the first and
second storage capacitors, and the device has a con-
version mode, such that the first and second feedback
loops are opened and an mput voltage 1s provided to the
first and the second storage capacitor and the offset
voltage of the pre-amplifier 1s utilized in determining a
differential difference signal corresponding to the input
voltage eliminating errors due to the offset voltage of
the 1.2 volt pre-amplifier.

15. The device of claim 14, further comprising a first
compensating device disposed in the first feedback loop
operable to compensate a DC level shift caused by the first
3.3 volt n-type source follower device and a second com-
pensating device disposed in the second feedback loop
operable to compensate a DC level shift caused by the
second 3.3 volt n-type source follower device.

16. The device of claim 15, the first and second compen-
sating devices each comprising 3.3 volt p-type source fol-
lower devices.

17. The device of claim 16, wherein the first and second
p-type source follower devices are operable to turn off
during the conversion mode to reduce power consumption of
the device.

18. The device of claim 16, further comprising a third
switch disposed in the first feedback loop between the first
p-type source follower and the first output of the pre-
amplifier and a fourth switch disposed in the second feed-
back loop between the second p-type source follower and
the second output of the pre-amplifier.

19. The device of claim 18, the third switch and the fourth
switch being operable to open 1n the conversion mode
reducing the load of the pre-amplifier.

20. A method of employing an mput offset storage tech-
nique for correcting an oilset voltage of a pre-amplifier of a
differential comparator device for a high speed analog-to-
digital converter, the differential comparator device having
first and second storage capacitors coupled to respective
differential mputs of the pre-amplifier through first and
second n-type source followers, and first and second feed-
back loops having first and second switches for opening and
closing the first and second feedback loops, the method
comprising:

closing the first and second feedback loops and inputting,
two reference signals into the first and second storage
capacitor;

determining an offset voltage;

determining a compensation voltage to compensate for
the DC level shifting of the first and second n-type
source followers;

storing the offset voltage plus the compensation voltage
on the first and second storage capacitors;

opening the first and second feedback loops and inputting,
a signal 1nto the first and second storage capacitor; and

amplitying the input signal and transmitting the output

difference signal to a latch.
21. The method of claim 20, the pre-amplifier employing
high-speed devices to achieve extremely high-speed analog-
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to-digital conversion despite device gate current leakage
assoclated therewith.

22. The method of claim 21, wherein the high-speed
device comprises a 1.2 volt MOS transistor device.

23. The method of claim 20, the first and second n-type
source follower devices comprising 3.3 volt MOS transistor
devices.

24. The method of claim 20, the first and second switches
comprising 3.3 volt MOS transistor devices.

12

follower device 1n the first feedback loop and providing a
second 3.3 volt p-type source follower device 1n the second
feedback loop.

26. The method of claim 20, further comprising decou-
pling the first p-type source follower device from the first

output of the pre-amplifier and decoupling the second p-type
source follower device from the second output signal of the

pre-amplifier during the conversion mode to reduce an

25. The method of claim 20, the step of determining a 10 output capacitive load of the pre-amplifier.

compensation voltage to compensate for the DC level shaft-
ing comprising providing a first 3.3 volt p-type source
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